
Physics 2c  Lecture 25 

Chapter 37 
Interference & Diffraction 

 



Outlook for rest of quarter 
●  This week: finish material that is on the final 

exam 
●  Next week Wednesday: 

–  Topics not on any quiz or exam.  

●  Next week Thursday & Friday: 
–  exam preparation. 



Intensity in single slit diffraction 
- example visuals - 

  a = 10 λ              a =  2 λ     a = λ 

As aperture, a, becomes comparable in size to the wavelength,  
angular resolution deteriorates rapidly. 



Intensity in single slit diffraction 
- example picture - 

Single slit destructive interference:        a sin Θ = m λ 



single slit diffraction 
- 3d sketch - 



Diffraction Limit 
 

Two sources 1,2 can be resolved 
as long as their diffraction patterns 

don't overlap too much. 
 

0th max overlapping 1st min:  
sin θ=  λ/a 

or for small angles: 
 θmin ≥ λ/a  

The latter is referred to as  
Rayleigh criterion. 

 
a = slit width 

1st minimum: a sin θ=  λ 



Diffraction Limit 



Diffraction Limit 
- example photo - 

For circular apertures, Rayleigh criterion 
becomes: 

  
θmin ≥ 1.22  λ/D 

D = aperture diameter  



●  Decrease the wavelength 
–  E.g. DVD versus CD 

●  Increase the aperture 
–  E.g. interferometry as tool in Astronomy 

Overcoming the diffraction limit 
θmin ≥ 1.22  λ/D 



DVD versus CD 

●  CD use 780nm wavelength lasers 
●  DVD use 635nm & 650nm lasers plus other 

improvements. 

CD DVD 



Astronomy through Interferometry 

All of these use correlated measurements from more than one 
telescope in order to increase their effective aperture, and thus 
beat the diffraction limit of the individual telescopes. 



Radio Astronomy 



The ALMA Telescope Array 

http://www.almaobservatory.org/ 



EVN 
Interferometry on a global Scale  

Radio telescopes throughout the world  
do interferometry together. 

http://www.evlbi.org/ 



VLA in New Mexico & Satellite HALCA  

HALCA has only 
8m diameter 

Comparing resolution of 
a Quasar with VLA and a combo  
of VLA and HALCA 

http://en.wikipedia.org/wiki/HALCA 



Top is image from earth based VLBI 
 
Bottom image is a zoom of the image once  
HALCA is added to the interferometry. 

Excellent angular resolution is  
especially important when studying  
binary objects, and/or the physics of 
Active Galactive Nuclei, where people 
are trying to understand the physics  
that produces the “gigantic jets” observed. 



Question to ponder: 

●  What’s the limit for resolving distant objects 
via earth based astronomy? 
–  A) engineering limit of how small an aperture 

telescope can be constructed. 
–  B) engineering limit of how large an aperture 

telescope can be constructed. 
–  C) roughly speaking, the diameter of the earth 



Summary of Chapter 37: 

●  Simplest interference example: CD player 
–  Phase difference due to path length difference! 

●  More complex examples of path length differences causing phase 
differences: 

–  Double slit 
–  Many slits, including diffraction gratings (measuring λ) 
–  X-Ray diffraction (measuring Xtal spacing) 
–  Michelson Interferometer (measuring length differences) 

●  Still more complex example including boundary and path length 
differences: 

–  Thin films 

●  Single slit and aperture as a limit to angular resolution 

All of these may be on Quiz 8 next Monday !!! 



Chapter 34 

Electromagnetic waves 



Plane Electromagnetic waves 
- description - 

Wave fronts (infinite & parallel) 

B-field 

E-field 

E & B fields are the 
same everywhere  
within the plane. 
 
E & B fields always 
orthogonal. 
 
E & B fields always 
orthogonal to wave 
velocity.  



Polarization 

The orientation of E in the y-z plane is arbitrary. 
Polarized EM waves have well defined orientation. 

However, once E is chosen, the orientation of B is fixed. 



Polarized light sources 
- examples - 

(typically) polarized: 
radio, TV, radar, ... EM from simple antennas. 
Lasers. 
 
(typically) unpolarized: 
sun light 
light from light bulbs, or other hot sources (e.g. the glow of fire). 



Polarizers 



Law of Malus 

! 

I = I0 cos
2"

E.g.: Intensity,I, of unpolarized light drops by  
factor 2 when going through a polarizer  

because “unpolarized” = random polarization  
and the average of the square of a cos is 1/2. 



Energy flow 

This is the amount of power per unit area transferred by 
an EM wave along its direction of propagation. 

Power = Energy/time 
<S> is thus the average energy transferred by an EM 

wave through a unit area per unit time.  
! 

S =
E " B

µ0



Radiation pressure 

The light shows a small particle that levitates  
because it is hit by a laser beam from below. 



Radiation Pressure 
Pressure = Force / Area 

Force = momentum/time 
=> Pressure = Momentum / (Area * time) 

 
In Physics 2b you learned:   

EM wave momentum = EM wave Energy/c 
EM wave Pressure = EM wave energy/(c*area*time) 

 
Radiation Pressure = <S>/c 

 



Exercise 34-6 

A laser delivers 5MW/m^2.  
It is pointed on a 100micron diameter particle. 

 
What’s the maximum mass the laser can lift? 



Solution 

! 

S
c

=
5 MW
m2

3 "108m /s
=
mass "10m /s2

# 50µm( )2
=
mg
#R2

mass =1.3 "10$11kg

Pressure = Force / Area 


